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(g) Wafer heaters for use in semi-conductor-producing apparatus, heating units using such wafer 
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(57) A wafer heater for use in a semiconductor producing apparatus includes a discoidal substrate (6) 
made of a dense ceramic, and a resistance heating element (7) buried in the substrate. The surface of 
the substrate upon which a wafer is to be placed for heating is flat A hollow sheath (12) whose inner 
pressure is not substantially varied even when the pressure inside the chamber (2) is joined to the 
substrate (6). and a thermocouple (14) is inserted into said hollow sheath. 
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WAFER HEATERS FOR USE IN SEMICONDUCTOR-PRODUCING APPARATUS, HEATING UNITS 
USING SUCH WAFER HEATERS, AND PRODUCTION OF HEATERS 



The present invention relates to wafer heaters for 
use in semiconductor-producing apparatus, heating 
units using such wafer heaters, and processes for pro- 
ducing such heaters. The heating unit is to be used for 
a pressure-reduced CVD apparatus or a photoetching s 
apparatus for the production of films on surfaces of 
silicon wafers in the semiconductor industry. 

In the CVD necessitating super cleanness, a cor- 
rosive gas such as a chlorine based gas or a fluorine 
based gas is used as a depositing gas, an etching gas 10 
or a cleaning gas. Thus, when a conventional heater 
in which the surface of a resistance heating element 
is coated with a metal such as stainless steel or 
Inconel is used as a heater for heating a wafer in such 
a state that it is brought into contact with this corrosive is 
gas, particles of a chloride, a fluoride, an oxide or the 
like having a particle diameter of few to several um are 
unfavorably formed on the surface of heater upon 
exposure to the corrosive gas. 

Under the circumstances, an indirectly heating 20 
type wafer heater shown in Fig. 1 has been 
developed. In this heater, infrared lamps 101 are out- 
side a chamber 102 which is exposed to a depositing 
gas or the like, an infrared ray-permeable window 103 
rs provided in an outer wall 104 of the chamber, and 25 
a wafer placed on an upper surface of a heating mem- 
ber 105 of a corrosion resistive material such as 
graphite is heated by irradiating infrared rays upon the 
heating member 5. As compared with a directly heat- 
ing type, the indirectly heating type heater has greater 30 
heat loss, and requires longer time for raising the tem- 
perature. Further, transmission of the infrared rays is 
gradually interrupted with attachment of a CVD film 
onto the infrared ray-permeable window 103, so that 
heat is absorbed by the infrared ray-permeable win- 35 
dow 103 to overheat the window. 

A first aspect of the present invention has been 
accomplished in view of above-mentioned problems 
possessed by the above-mentioned prior art, and pro- 
vides a wafer heater for use in a semiconductor pro- 40 
ducing apparatus, such as a CVD apparatus, 
requiring super cleanness, which heater is free from 
production of particles even when exposed to a 
depositing gas or the like inside the semiconductor- 
producing apparatus and can speedily heat wafers at 45 
high efficiency. 

By the invention there is provided a wafer heater 
for the semiconductor-producing apparatus, charac- 
terized in that a resistance heating element is buried 
inside a plate-shaped substrate made of a ceramic so 
material, and that surface of the substrate upon which 
a wafer is to be placed is made flat The ceramic ma- 
terial is gas-impermeable. 

It is preferable that a ceramic film is formed, by 



plasma CVD or thermal CVD. on that surface of the 
ceramic which contacts the gas. It is also preferable 
that the substrate is made of Si 3 N 4 . 

In general, the above ceramic heater is assem- 
bled into a chamber for the semiconductor-producing 
apparatus. In order to measure the temperature of the 
ceramic heater placed in the case provided in the 
chamber ("casing with heater" being hereinafter refer- 
red to briefly as "heating unit"), a thermocouple is 
attached to the heater. In such a case, the present 
inventors have noticed that certain problems existed. 

In such a heating unit, no great problem occurs 
when the heating unit is used under ordinary constant 
pressure. However, when the interior of the chamber 
and the heater casing undergoes pressure changes, 
there is the possibility that the thermocouple 
erroneously operates, and the temperature of heater 
cannot be accurately controlled. 

In view of this, it is a second aspect of the present 
invention to solve this problem 

and to provide a heating unit for accurately 
measuring and accurately controlling the temperature 
of the ceramic heater even under variations in press- 
ure of the gas. 

The second aspect of the present invention has 
been accomplished based on the following recogni- 
tion. 

That is, the present inventors have examined 
causes for erroneous operation of the above-men- 
tioned thermocouple, and consequently, they found 
out that gas molecules around the thermocouple 
behave as a viscous stream in a vacuum state from 
atmospheric pressure to 1 torr, whereas when the 
vacuum degree is higher, the gas molecules behave 
as a molecular stream. They further found out that as 
a result the mode of heat transmission around the 
thermocouple greatly changes to make accurate tem- 
perature measurement impossible. Further, they 
found out that errors in the measurement of the tem- 
perature occur due to great variations in pressure 
even in the viscous stream range. 

When an object of which temperature is to be 
measured is metallic, it is generally possible to attach 
the thermocouple to the object by direct brazing or 
welding. However, in the case that the object of which 
temperature is to be measured is an inorganic sub- 
strate as mentioned above, it is impossible to directly 
attach the thermocouple to the object For this reason, 
it is a common practice to merely mechanically press 
the thermocouple into a hole formed in the inorganic 
substrate or the heater. In such a case, the inventors 
found out that the heat transfer between the inorganic 
substrate or the heater and the thermocouple 
depends upon the gas varying its pressure. 
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The second aspect of the present invention has 
been accomplished on this knowledge, and is charac- 
terized in that a tip of a hollow sheath is joined to a 
heater placed inside a chamber undergoing changes 
in pressure, the interior of the hollow sheath under- s 
goes substantially no changes in pressure even if the 
pressure inside the chamber varies, and a ther- 
mocouple is inserted into the hollow sheath. 

In the present invention, the hollow sheath is a 
metallic sheath into which a thermocouple is to be 10 
inserted. The term "join" used means not only a case 
where the tip of the thermocouple is joined to the sur- 
face of the heater and a case where the former is 
buried into the latter. The heater involves an inorganic 
substrate and a resistor or heating element buried in is 
the substrate. 

Since the joining between the tip of the hollow 
sheath and the heater is required to have thermal 
shock resistance in a service temperature range, gas 
tightness is desirably assured between the opposed 20 
surfaces of the hollow sheath and a part of the heater. 
For this reason, a glass adhesive or an inorganic 
adhesive is preferred as a joining medium, and glass 
is particularly preferred due to its good gas tightness. 
It is preferable that the glass has a coefficient of ther- 25 
mal expansion lying between those of the substrate 
and the sheath material from the standpoint of durabi- 
lity against temperature changes. 

The term 'heater* used in the second aspect of 
the present invention includes not only the heater 30 
itself but also a combination of the heater and a sus- 
ceptor placed on the heater and made of an inorganic 
material. The inorganic substrate of the heater and 
this inorganic material of which temperature is to be 
measured may be appropriately selected from the 35 
group consisting of ceramics such as alumina, silicon 
nitride, sialon and silicon carbide or their composite 
materials containing silicon, gallium or arsenic, or 
inorganic compounds thereof. The susceptor may be 
made of graphite. As the substrate of the heater, sili- 40 
con nitride, sialon or aluminum nitride is particularly 
used, and silicon nitride and sialon are preferred. The 
term 'heater" may be interpreted to comprise the hea- 
ter itself and a constituent member or members of the 
casing. 45 

With respect to the above-mentioned heating 
unit, the present inventors found out that there was 
another problem. That is, the above discoidal heater 
may be fixed to the chamber through a casing, i.e., a 
supporting member of graphite in the heating unit (It so 
may be that the hollow sheath is fitted to that wafer 
stage of the heater upon which the wafer is just 
placed). Although the present inventors found out that 
this heating unit is an extremely excellent device for 
sweeping out the above-mentioned problems posses- 55 
sed by the metallic heater and the indirectly heating 
type infrared lamp heating unit, it is necessary to seal 
lead wires and the thermocouple in the semiconduc- 



tor-producing apparatus using the corrosive gas. 

A third aspect of the present invention is to pro- 
vide a semiconductor wafer heater for use in the semi- 
conductor-producing apparatus, which heater can 
prevent contamination as in the case of the conven- 
tional metallic heater as well as poor heat efficiency 
and attachment of the film onto the infrared ray-per- 
-meable window as in the case of the indirectly heating 
type heater, and can also prevent corrosion of the 
lead wires, and discharging and leaking of current 
among the lead wires, and the chamber body. 

The third aspect of present invention relates to a 
semiconductor wafer heater comprising a heating 
portion adapted to be located in a chamber for a semi- 
conductor-producing apparatus, said heating portion 
being composed of a ceramic material and having a 
resistance heating element buried therein and a wa- 
fer-heating surface at one surface, a projecting sup- 
port portion provided on a surface of the heating 
portion other than the wafer-heating surface and 
adapted to form a gas-tight seal between the project- 
ing support portion and the chamber, and lead wires 
connected to said resistance heating element, atleast 
one of said lead wires being taken out from said cham- 
ber without substantially being exposed to an inner 
space of said chamber. 

In the present invention, it may be that one ends 
of rigid electrodes are buried in the substrate and con- 
nected to opposite ends of the heating element while 
the other ends of the electrodes not buried are con- 
nected to lead wires for supplying electric power to the 
heating element 

A process for producing the heater according to 
the third aspect of the present invention is a fourth 
aspect of the present invention. 

That is, a variation of the fourth aspect of the pre- 
sent invention relates to a process for producing a 
semiconductor wafer heater through integrally shap- 
ing a heating portion and a projecting support portion 
as mentioned above and simultaneously sintering the 
shaped body by hot isostatic press. 

Another variation of the fourth aspect of the pre- 
sent invention relates to a process for producing the 
semiconductor wafer heater by separately shaping a 
green heating portion and a green projecting support 
portion, forming a joined body by joining these shaped 
bodies, and forming the heating portion and the pro- 
jecting support portion by sintering the joined body. 

A further variation of the fourth aspect of the pre- 
sent invention relates to a process for separately pro- 
ducing a heating portion and a projecting support 
portion by sintering, and integrating the heating por- 
tion and the projecting support portion by glass bond- 
ing or by diffusion bonding. 

These and other optional features and advan- 
tages of the invention will be appreciated upon reduc- 
ing of the following description of the invention when 
taken in conjunction with the attached drawings, with 
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the understanding that modifications, variations and 
changes of the same may be made by the skilled per- 
son in the art to which the invention pertains. 

For a better understanding of the invention, refer- 
ence is made to the attached drawings, wherein: 5 
Fig. 1 is a sectional view of the conventional hea- 
ter; 

Fig. 2 is a sectional view of an embodiment of a 
heating unit including a heater according to the 
first aspect to the present invention; 10 
Fig. 3A and 3B are a sectional view of Fig. 2 and 
a plane view of the heater, respectively; 
Fig. 4 is a sectional view of a first embodiment of 
the heating unit according to the second aspect of 
the present invention; 15 
Fig. 5 is a sectional view of a second embodiment 
of the heating unit according to the second aspect 
of the present invention; and 
Figs. 6, 7, 8 and 9 are schematically sectional 
views of illustrating semiconductor wafer heaters 20 
according to the third aspect of the present inven- 
tion each attached to a chamber, respectively. 
In the following, the first aspect of the present 
invention will be explained with reference to Figs. 2, 
3A and 3B. 2S 

Fig. 2 is a sectional view of a wafer heater 1 
according to the first aspect of the present invention, 
which is attached to a chamber 2 for a CVD apparatus 
to produce semiconductors. In Fig. 2, the heater 1 is 
attached to the chamber 2 through an inner casing 3. 30 
The heater 1 is designed to have, for example, a size 
of 4 to 8 inches to place a wafer thereon. 

Into the interior of the chamber 2 is fed a gas for 
effecting thermal CVD through a gas feed hole 4. 
while air inside the chamber 2 is discharged by a 35 
vacuum pump (not shown) through a suction hole 5. 

The wafer heater 1 is constituted by burying a 
resistance heating element 7, of such as tungsten, 
inside a discoidal substrate 6 made of a dense and 
gas-tight ceramic material, for example, silicon nit- AO 
ride, in a spiral form. Power is applied to the wafer 
heater 1 through lead wires 8, 8 at a center and a 
peripheral portion of the substrate 6 from the exterior 
to heat the heater 1 to a temperature up to, for 
example, about 1 ,1 00°C. A reference numeral 9 is a 45 
flange provided with a water-coding jacket 10 and 
ad -^ed for covering an upper face of the inner casing 
3. Sealing is effected with an O-ring 1 1 between an 
upper peripheral wall of the chamber 2 and the flange 
to form a ceiling of the chamber 2. 50 

The material of the substrate 6 needs to be suffi- 
ciently dense to prevent absorption of the depositing 
gas thereinto, and preferably has a water absorption 
factor of not more than 0.01 %. Further, the material is 
required to have thermal shock resistance to with- 55 
stand heating-cooling cycles between ordinary tem- 
perature and 1,100°C, although no mechanical stress 
is applied thereto. In view of this, it is most preferable 



to use SfeN* having high strength at high temperat- 
ures. 

Since a wafer W is placed on the lowersurface of 
the heater 1 directly or indirectly by means of pins (not 
shown), it is necessary that the shape of the heater is 
circular, which can readfly attain uniform heating, and 
that the surface of the heater upon which the wafer W 
is to be placed is flat In particular, when the wafer W 
is to be placed on the heater directly, the flatness 
needs to be not more than 500 um so that the deposi- 
ting gas may be prevented from entering a rear face 
of the wafer W contacting the substrate 6. In order to 
obtain a dense substrate 6, it is preferable to sinter a 
green substrate by hot press or HIP. When greater 
heat conductivity is to be obtained by flowing gas be- 
tween the wafer and the surface of the heater, reces- 
ses having a depth not greater that the distance of free 
movement of gas molecules may be provided in a part 
or an entire part of the heater surface. 

Even when Si 3 N 4 having a high purity is used, 
yttria, magnesia, alumina, ytteribium oxide or the like 
is mixed as sintering aid into Si 3 N 4 , and it happens 
that sodium or the like which needs to be particularly 
prevented from entering the semiconductorproducing 
apparatus is detected in an order of ppm. Therefore, 
it is preferable that a ceramic film made of such as SiC 
or Si 3 N 4 is formed onto the gas-contacting surface of 
the substrate 6 by the plasma CVD or the thermal 
CVD. By so doing, discharging of sodium or the like 
can be prevented. As the sintering aid, it is preferable 
to use no magnesia which belongs to the same 
alkaline earth metal group. Yttria, alumina, or yttrium 
base material is preferred as the sintering aid. Since 
Si 3 N 4 has durability at high temperatures, highest 
durability can be obtained when the film is formed as 
a crystalline coating on the substrate by thermal CVD 
at not less than 1,000°C. However, similar effect can 
be expected when amorphous coating is effected by 
plasma CVD at low temperatures. 

As the resistance heating element 7 buried inside 
the substrate 6, it is proper to use tungsten molyb- 
denum, platinum or the like which has a high melting 
point and excellent adhesion to Si 3 N 4 . Since a lead 
wire 8 is exposed to the gas under vacuum, it is neces- 
sary to keep the contact between the lead wire 8 and 
the heater 1 at as low temperature as possible. Cor- 
rosion resistance can be improved by applying such 
a CVD coating onto the leading portion including the 
lead wire 8. 

In order to confirm the effects of the present 
invention, the following experiment were conducted. 

A discoidal substrate 6 having a resistance heat- 
ing element 7 made of tungsten buried thereinto was 
prepared from a raw material containing a sin- 
tering aid of yttria and alumina. The resistance heat- 
ing element had a wire diameter of 0.4 mm and a total 
length of 2.5 m, and wound in a spiral fashion having 
a diameter of 4 mm. As a wire terminal constituting the 
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lead wire 8, a tungsten wire having a diameter of 2 mm 
was used. The lead portions 8 were taken outfrom the 
chamber through terminal ends 9. In the heater 1, the 
resistance heating element 7 was buried over the 
entire discoidal substrate 6 as shown in Fig. 3, and the 
upper surface of the substrate 6 was smoothly and flat 
ground with a diamond grinding stone. Further, a 
sys^ film having high purity was formed on the sur- 
face of the substrate at a thickness of 0.2 um at 
1,600°Cby hotCVD. 

While the wire terminal on the outer peripheral 
side of the heater was earthed, voltage was applied 
to the wire terminal on the central side from a heater 
power source not shown. Further, voltage was sup- 
pressed to a low level to prevent discharging in 
vacuum. Thus, the heater adopted an electric power 
source control system using a thyristor. 

This heater was fitted to a chamber 2 as shown 
in Fig. 2, and a test was effected for heating wafers in 
vacuum. The test revealed that the temperature of the 
substrate fell within a temperature range of 1,100°C 
±2% with respect to a 150 mm diameter portion of the 
substrate having the diameter of 1 80 mm. This confir- 
med that a 6 inch diameter wafer chucked could be 
uniformly heated. It was also confirmed that although 
a corrosive depositing gas was introduced into the 
chamber 2, neither particles nor sodium occurred at 
all. Particularly, although sodium was measured by a 
detector for the system after the surface of the sub- 
strate 6 was etched in an order of 1 ,000 A, a result was 
less than a background value. 

The construction of the heater according to the 
first aspect of the present invention may be applied to 
a wafer heater for an etching apparatus as it is. 

As mentioned foregoing, since the resistance 
heating element is buried in the substrate made of 
dense ceramic, no particles occur even upon expos- 
ure of the heater to the depositing gas. Particularly, 
the heater having the surface coated with the ceramic 
film by the CVD exhibits excellent performances. 
Further, since the heater according to the present 
invention can be installed directly inside the chamber 
to heat the wafer, the heater can more speedily heat 
the wafer at a higher heat efficiency as compared with 
the conventional indirectly heating type. In addition, 
since that surface of the heater upon which the wafer 
is to be placed is designed as a flat surface, the reac- 
tion gas will not enter the rear surface of the wafer, so 
that the intended surface of the wafer can be accu- 
rately treated by CVD or etching. 

Therefore, the present invention greatly contri- 
butes to industrial development as the wafer heater 
for the semiconductor-producing apparatus involving 
the plasma CVD by solving the problems of the prior 
art 

The second aspect of the present invention will be 
explained with reference to embodiments shown in 
Figs. 4 and 5. in these embodiments, the same refer- 
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ence numerals as in Figs. 2, 3A and 3B are given to 
same or similar portions in Figs. 4 and 5. and expla- 
nation thereof is omitted. 

A reference numeral 12 denotes a hollow sheath 

5 inserted into a chamber 2 through a flange 9. The hol- 
low sheath is made of molybdenum or tungsten. As 
shown, the lower end of the hollow sheath is thinned 
to reduce heat dissipation through heat transmission, 
and joined to an inorganic substrate 6 of a heater 1 

10 with a cementing medium 13 composed of glass. An 
upper end of the hollow sheath 12 extends outside the 
chamber 2 through an opening 1 5 formed in the flange 
9, so that the interior of the hollow sheath 12 may be 
kept at a given pressure without being influenced by 

is change in the internal pressure of the chamber 2. A 
thermocouple 14 provided with a stainless sheath is 
inserted into the hollow sheath 12. A lid 17 is fitted 
around the upper end portion of the hollow sheath 12, 
and O-rings 1 6 are provided among the hollow sheath 

20 12, the lid 17 and the flange 9 to prevent invasion of 
open air into the chamber 2. 

In this embodiment, the hollow sheath 12 is joined 
to the inorganic substrate 6 in a void-free state by the 
steps of forming a sheath-fitting hole in the inorganic 

25 substrate 6 of the heater 1 , inserting the tip of the hol- 
low sheath 1 2 made of, for example, molybdenum into 
the fitting hole, filling, for example, a glass powder into 
the hole, and melting the glass powder at high tem- 
peratures (1,100 to 1,800 o C) lower than a firing tem- 

30 perature for the material, for example, silicon nitride 
constituting the substrate 6. As mentioned above, 
when the hollow sheath 12 is made of S^M,, Af 2 0 3 
molybdenum, tungsten or an alloy composed mainly 
of these elements, the thermal expansion is made 

35 substantially equal among the heater 1, the hollow 
sheath 12 and the cementing medium 13 to prevent 
occurrence of cracks. Since the heat capacity of the 
hollow sheath should be made as small as possible to 
accurately measure the temperature of the inorganic 

40 substrate 6 with excellent followability of changes in 
temperatures of the substrate 6, the sheath preferably 
has a shape with a small thickness of not more than 

1 mm and a small diameter of 5 mm. For example, it 
may be that the outer diameter and the thickness of 

45 the tip of the sheath are 2 mm and 0.4 mm, respect- 
ively, and the tip is cemented into the hole having a 
diameter of 3 mm and a depth of 13 mm with glass. 
The non-cemented portion of the sheath is designed 
to have a large diameter (for example, 6 mm) in view 

so of sealingness between the sheath and the chamber 

2 and workability of the sheath. The thicker diameter 
portion of the hollow sheath is sealed to the lid 17 with 
the O-ring 16. 

As the material of the hollow sheath 12, molyb- 
55 . denum added with cerium oxide is preferred, which is 
a material which ensures the machining of a small 
diameter hole and does not become brittle by heating 
for joining at 1 ,1 00 to 1 ,800°C. An alloy such as stain- 

5 
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less steel, Hastelloy or Incoloy may be used, when no 
problem occurs with respect to the joinability, the 
workabflity. and brifflemenL 

In the embodiment shown in Fig. 4, the hollow 
sheath 12 is inserted into the chamber 2 through its 
wall. However, as in an embodiment of Fig. 5, a hollow 
sheath 12 having an upper end sealed may be seal- 
ingly inserted inside a chamber 2. By sealing the 
upper end of the sheath, the interior of the sheath is 
maintained at a constant pressure without being influ- 
enced by changes in the internal pressure of the 
chamber 2. In this case, a lead wire 18 for a ther- 
mocouple 14 is taken outside the chamber 2, while 
being sealed with O-rings 16 and lead wire 18. Since 
the interior of the hollow sheath 12 is sealed in the 
embodiment of Fig. 5, although the interior of the 
chamber 2 undergoes changes in pressure due to ele- 
vation of temperature with the heater, the pressure 
inside the hollow sheath 12 does not substantially 
change even when gas enters the chamber 2. 

The thus constituted heating unit is used fortreat- 
ing wafers placed on the lower face of the heater 1 by 
means of pins (not shown) in the chamber 2 under 
heating in vacuum by thermal CVD in the same man- 
ner as in the conventional heating unit 

However, in the second aspect of the present 
invention, the tip of the hollow sheath of which the 
interior is kept to undergo substantially no influence 
even with changes in the internal pressure of the 
chamber 2 is joined to the inorganic substrate 6 of the 
heater 1, and the thermocouple 14 is insetted into the 
hollow sheath. Thus, the surrounding of the ther- 
mocouple 14 is maintained at a constant pressure 
without being influenced by changes in the internal 
pressure of the chamber 2. Owing to this, even if the 
pressure of the interior of the chamber 2 is reduced to 
high vacuum degree, the behavior of the gas 
molecules around the thermocouple 14 does not 
change so that the temperature can always stably be 
detected. Therefore, the heating unit can accurately 
control the temperature of the heater 1 at high vacuum 
degree. 

Further, since the thermocouple is merely placed 
in the chamber together with the heater in the case of 
the conventional heating unit, there is a problem in 
that exchanging is not easy. However, as in the case 
of the embodiment in Fig. 4, when the thermocouple 
14 is provided inside the hollow sheath 1 2 penetrating 
the wall of the chamber 2, the thermocouple 14 only 
can easily be exchanged without degrading the seal- 
ingness of the chamber 2. 

Although air may be introduced into the interior of 
the hollow sheath 12 at atmospheric pressure, it is 
possible to fill the interior of the sheath with a reducing 
atmosphere to prevent oxidation of the interior. By so 
doing, the heating unit can easily raise the tempera- 
ture up to around 1,1 00°C. 

Both of the above embodiments shown in Figs. 4 



and 5 are constituted such that the inorganic sub- 
strate 6 of which temperature is to be measured con- 
stitutes the heater 1. but the object to be 
temperature-measured is not limited thereto. The 
5 heating unit can be applied to ordinary inorganic sub- 
strates. 

As having been explained above, the heating unit 
according to the second aspect of the present inven- 
tion is free from fears of erroneous operation of the 

10 thermocouple even at high vacuum degree, and the 
temperature of the inorganic substrate inside the 
chamber can be accurately detected without being 
influenced by changes in the inner pressure of the 
chamber. Further, according to the heating unit of the 

is second aspect of the present invention, the tempera- 
ture of the heater can accurately be controlled. 
Furthermore, according to the heating unit of the sec- 
ond aspect of the present invention, the thermocouple 
can easily be exchanged. 

20 Therefore, the present invention can greatly con- 
tribute to industrial developments as the heating unit 
for sweeping off the problems possessed by the prior 
art 

The third aspect of the present invention will be 

25 explained below with reference to embodiments 
shown in Figs. 6 through 9. 

Fig. 6 is a sectional view of illustrating the state 
in which a heater according to the third aspect of the 
present invention is attached to a CVD apparatus for 

30 the production of semiconductors. Same reference 
numerals are given to same or similar parts as in Figs. 
2, 3A and 3B, and thus explanation thereof is omitted. 

The heater 1 involves a discoidal heating portion 
1a and a columnar support portion 1b which are inte- 

35 grated in a T-letter shaped section. These heating 
portion 1 a and support portion 1 b are made of a dense 
and gas-tight ceramic material. A heating element 7 
made of a tungsten or molybdenum base material is 
buried in the dense and gas-tight ceramic in a spiral 

40 form. Electric power is applied to opposite ends of the 
heating element through lead wires 19 and 19, so that 
a wafer-heating surface 1c is heated up to, for 
example, around 1,100°C. The size of wafers cur- 
rently used is 4 to 8 inches, so that the wafer-heating 

45 surface 1c is designed to have an area sufficient for 
heating the entire wafer W. The lead wire 19 may be 
a solid electrode to which a lead wire is connected at 
one exposed end and which is connected to the heat- 
ing element at the other end. 

so As mentioned above, the columnar support por- 

tion 1 b is integrated to the upper side of the discoidal 
heating portion 1a, and the outer peripheral surface of 
the columnar support portion 1b is gas-tightly sealed 
relative to the chamber 2 with an O-ring 15. In Fig. 6, 

55 a reference numeral 10 denotes a water-cooling 
jacket A thermocouple 14 and two lead wires 19 are 
buried in the discoidal heating portion and the colum- 
nar support portion 1b, and are taken outside the 
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chamber 2 through an upper end face of the columnar 
support portion 1b. 

This embodiment of the heater can solve the con- 
tamination occurred in the conventional metallic hea- 
ter and the deterioration in the heat efficiency of the s 
indirectly heating type. 

In addition, since the lead wires 19 are buried in 
the support portion 1 b without being exposed to an 
inner space 40 of the chamber 2, there is no fear in 
that the lead wires 19 are corroded, the interior of the 10 
chamber is contaminated through the lead wires, and 
discharging or leakage occurs in vacuum between the 
lead wires and between the lead wires and the cham- 
ber. Therefore, no special sealing structure is neces- 
sary to seal the lead wires or electrodes 19. Further, is 
a high melting point metal can be used other than 
tungsten as a material for the lead wire or electrode. 

The thermocouple 14 is also buried in the support 
portion 1b, and is not exposed to the space 40 inside 
the chamber 2. Therefore, no special sealing structure 20 
is necessary for sealing the thermocouple, resulting in 
very large advantage. That is, according to the inven- 
tors' researches, as mentioned before, with respect to 
vacuum, the gas molecules around the thermocouple 
behaves as a viscous stream in the vacuum state of 25 
atmospheric pressure to 1 torr, while the viscous 
stream is converted to the molecule stream as the 
vacuum degree becomes higher. It is known that with 
this, since the way of the heat transfer greatly 
changes in the vicinity of the thermocouple, the tern- 30 
perature cannot be accurately measured. It is also 
known that when the pressure greatly varies even in 
the viscous stream zone, errors occur in the measure- 
ment of the temperature with respect to the measure- 
ment results. However, since the thermocouple is 35 
extended outside the chamber without being exposed 
to the space 40 of the chamber 2, the above problem 
of the errors on measurement of the temperatures 
does not occur. 

Further, since the heating portion 1 a is supported 40 
by gas-tightly sealing the columnar support portion 1 b 
relative to the chamber 2, no special supporting mem- 
ber is necessary for supporting the heating portion 3. 
Therefore, the surface area of the entire heater can be 
reduced, so that the amount of the gas absorbed 45 
thereinto is small. This is advantageous for the semi- 
conductor-producing apparatus utilizing high 
vacuum, because the gas absorbed into the surface 
of the heater needs to be discharged under high 
vacuum 50 

Furthermore, according to the inventors' investi- 
gation, when a peripheral surface of the discoidal hea- 
ter is supported by a cover made of graphite, heat 
escapes through the peripheral surface so that it is dif- 
ficult to uniformly heat the outer peripheral portion and 55 
the inner peripheral portion of the discoidal heater. To 
the contrary, according to the embodiment of the third 
aspect of the present invention, since heat does not 



escape through the peripheral surface, the heating 
surface 1c can be easily uniformly heated. 

As the material for the discoidal heating portion 
1 a, silicon nitride, sialon or aluminum nitride is prefer- 
red, and silicon nitride or sialon is more preferable 
from the standpoint of thermal shock resistance. The 
discoidal support portion 1b is preferably made of the 
same material as that of the heating portion 1a from 
the standpoint of integral sintering mentioned later. 
However, it is convenient to use at least dense 
ceramic, because of its low fear of contamination. 

The heater 1 may be produced by integrally shap- 
ing a ceramic material to form a heating portion 1 a and 
a support portion 1 b in which lead wires 19 and a ther- 
mocouple 14 are preliminarily buried, and integrally 
sintering the heating portion and the support portion 
by hot isostatic press. 

The sealing between the chamber 2 and the sup- 
port portion 1b can be effected by an O-ring shown in 
Fig. 5 or by diffusion bonding or friction bonding, or by 
forming a metallic film on the surface of the support 
member by sputtering, followed by the friction press 
bonding, glass bonding or metal packing. 

It is preferable that the wafer-heating surface 1c 
is designed to have a flat surface. Particularly, when 
the wafer W is directly placed on the wafer-heating 
surface 1c, it is necessary to prevent the invasion of 
the depositing gas under the rear surface of the wafer 
W contacting the heating portion 1 c by setting the flat- 
ness degree of the heating surface to not more than 
500 um. 

As the resistance heating element 7 buried in the 
heating portion 1a, tungsten, molybdenum or plati- 
num is preferably used, which has a high melting point 
and excellent adhesion relative to Si 3 N 4 or the like. 

In a heater 1 shown in Fig. 7, a cylindrical hollow 
support portion 20 is joined integrally to a discoidal 
heating portion 1a instead of the columnar support 
portion 1a, and the columnar support portion 20 is 
gas-tightly sealed to the chamber 2. End portions of 
lead wires 7 and a thermocouple 14 are buried in the 
discoidal heating portion 1a, and taken out into a 
cylindrical space inside the columnar support portion 
20. The heater according to this embodiment exhibits 
the same effects as in Fig. 6. The lead wire may be a 
rigid electrode which is connected to a lead wire at 
one exposed end and a heating element 7 at the other 
buried portion, respectively. 

In order to produce the heater 1 , not only the hot 
isostatic press can be used, but also the following pro- 
cesses may be favorably used. 

(1) A heating portion 1a in which lead wires 19 
and a thermocouple 14 are preliminarily buried on 
shaping is pressurelessly sintered or sintered by 
hot press. A cylindrical support portion 20 is pro- 
duced by injection molding, extrusion molding, 
press molding or isostatic pressing, and press- 
ureless sintering the shaped body. Then, the sin- 
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tered heating portion and the sintered cylindrical 
support portion are gas-tightly joined with glass. 

(2) Shaped bodies for the heating portion and the 
cylindrical support portion are independently for- 
med by extrusion, injection, pressing or isostatic 
pressing, and they are fitted to each other with a 
dimensional allowance of 1/100 to 10 mm, fol- 
lowed by pressureless sintering, or by pressing 
the cylindrical support shaped body to the heating 
portion shaped body under sufficient pressure, 
followed by sintering under pressure. 

(3) The heating portion 1a is sintered in the same 
way in (1), a cylindrical support portion 20 is for- 
med from a metal or a metallic compound, and 
th ./ are gas-tightly bonded with glass. 

As a material for the cylindrical support portion 
20, not only ceramic but also a metal or a metallic 
compound may be used. It is advantageous to use a 
dense ceramic as the material for the cylindrical sup- 
port portion, because of less contamination. Further, 
as the metal, it is preferable to use a material which 
does not result in contamination of the semiconductor 
wafer W. More concretely, it is preferable that tung- 
sten, molybdenum, tantal or titanium capable of being 
used at high temperatures is used for a portion near 
the heating portion 1a, while stainless or aluminum is 
used for a low temperature portion near the O-ring 1 6. 

Fig. 8 is a sectional view of a modification of the 
embodiment shown in Fig. 7. The difference between 
Figs. 7 and 8 is merely that one of the lead wires 19 
is taken out from the chamber through the inner space 
40. It is considered that the embodiment in Fig. 6 will 
not cause practically great problem when in use. 

Fig. 9 is a sectional view showing a further embo- 
diment of the third aspect of the present invention. 

In this embodiment a cylindrical support portion 
26 is provided on a peripheral portion of a discoidal 
heater 1a. The support portion 26 has a peripheral an 
inverted L-letter wall section, and a horizontally 
extending portion 27 which is gas-tightly sealed rela- 
tive to the chamber 2. This embodiment has the fol- 
lowing advantages. 

(1) When the heater is fixed to the chamber in 
Figs. 6 and 7, the support portion is held by the 
chamber 2. Therefore, stress concentration is apt 
to occur in the integrated portion between the dis- 
coidal heating portion 1a and the columnar sup- 
port portion 1b of the heater 1 in Fig. 6 or in the 
joined portion between the heating portion 1a and 
the columnar support portion 1 b of the heater 1 in 
Fig. 7, which may result in danger of breakage. 
On the other hand, since the heater 1 in Fig. 9 
possesses the support portion 26 having the L- 
ietter shaped wall section at the peripheral portion 
of the discoidal heating portion 1a, the holding 
area is great to dissipate stresses so that the inte- 
grated portion or the joined portion is difficult to 
break. 



(2) In the thermal CVD process or the like, a CVD 
film is attached, after deposition, to that surface 
of the heater which corresponds to a portion exc- 
luding the wafer W. When the deposited fflm is to 
5 be cleaned off with plasma, a plasma electrode 

can be arranged in a portion A on the recessed 
face of the heater, so that the electrode is not exp- 
osed to the gas atmosphere inside the chamber 
2. 

10 (3) When a cooling structure is fitted to the portion 

A of the recessed face, response on cooling can 
be improved. 

(4) When a heat-interrupting or cooling means is 
provided to meet the temperature distribution at a 
is chucked surface of the wafer W on the heating 
portion 1a, the temperature distribution on the 
chucked surface of the wafer W can be controlled. 
With respect to the corrosion of the lead wire 19 
and the contamination of the semiconductor wafer W, 
20 excellent results can be obtained similarly in the case 
of the heaters 1 of Figs. 7 and 9 mentioned above. 

In order to produce the heater 1, not only the hot 
isostatic press but also the above-mentioned proces- 
ses (1) through (3) may be used. 
25 Since the temperature of the peripheral portion of 

the heating surface is lower than that of the central 
portion of the heating surface in the case of the of the 
heaters of Figs. 6 and 7, the heat-transmitting surface 
can be controlled by varying the diameter of the sup- 
30 port portion 1b to realize the improved uniformity of 
the heating surface. Thus, the wafer-heating surface 
can be more uniformly heated. 

Since the heater 1 in Fig. 8 has the support por- 
tion 26 having the inverted L-letter shaped wall sec- 
35 tion on the peripheral portion of the discoidal heating 
portion 1 a, the amount of heat dissipated through the 
peripheral portion of the heating surface is greater 
than heat transmission through the support portion 
26. Therefore, in the embodiment of Fig. 8, a heating 
40 element having a greater amount of heat generation 
at a peripheral portion is buried in the heating portion 
1a. 

In the embodiments according to the third aspect 
of the present invention, a temperature-measuring 

45 device, for example, a radiation thermometer other 
than the thermocouple may be used. Further, in these 
embodiments, the wafer-heating surface is directed 
downwardly, and the wafer is treated whfle it is sup- 
ported from the under side by pins not shown. The wa- 

50 fer-heating surface may be directed upwardly. 

Although the projecting support portion is sealed 
relative to the wall face of the chamber on the ceiling 
side in the above embodiments, the fitting posture is 
not limited thereto. It can be fitted to the wall face or 

55 the side wall in the lower portion of the chamber. 

Further, in the above embodiments, the project- 
ing support portion is provided on the back face of the 
heating portion on the opposite side of the wafer-heat- 
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ing surface. The projecting support portion may be 
provided on the peripheral surface of the discoidal 
heating portion. The shape of the heating portion is 
preferably discoidal for uniformly heating the circular 
wafer, but other shape such as a rectangular shape 5 
or hexagonal shape may be employed. 

The third aspect of the present invention may also 
be applied to the plasma etching apparatus or the 
photoetching apparatus. 

According to the semiconductor heater and the 10 
production thereof in the third and fourth aspects of 
the present invention, since the heating portion is 
arranged inside the chamber to directly heat the 
wafer, the heating efficiency is high. Further, since the 
heating portion is made of ceramic in which the resi- is 
stance heating element is buried, no contamination 
occurs unlike the metallic heater. 

In addition, since the lead wires or electrodes 
connected to the resistance heating element are not 
substantially exposed to the inner space of the cham- 20 
ber, the lead wires or electrodes are free from the cor- 
rosion or the inner space does not suffer 
contamination from the lead wires or the electrodes. 
Therefore, no special sealing structure is necessary 
for sealing the lead wires or electrodes, and a high 25 
melting point metal other than tungsten may be used 
as the material for the lead wires or electrodes. 

Further, since the gas-tight seal is farmed be- 
tween the projecting support portion and the chamber, 
no special member is necessary for supporting the 30 
heating portion. Therefore, the entire heater can be 
simplified, and the surface area can be reduced. 
Accordingly, the amount of gas absorbed by the hea- 
ter can be decreased, which is advantageous for the 
semiconductor producing apparatus utilizing high 35 
vacuum degree. 



Claims 



3. The wafer heater according to Claim 1 or claim 2 
wherein the substrate is composed mainly of 

SigN*. 

4. The wafer heater according to any one of claims 



40 



1. A wafer heater for use in a semiconductor- 
producing apparatus, said heater comprising a 
substrate (6) made of a dense ceramic, and a 
resistance heating element buried (7) buried in 

the substrate, the substrate having a surface 45 
upon which a wafer is to be placed. 

2. The wafer heater according to Claim 1 , wherein 
a ceramic film is formed by CVD or thermal CVO 

on that surface of the substrate which is to contact so 
a gas inside a chamber for said semiconductor- 
producing apparatus. 



55 



1 to 3 wherein the surface upon rich a wafer is to 
be placed is flat 

5. The wafer heater according to any one of claims 
1 to 4 wherein the resistance heating element is 
composed of one or more of tungsten, 
molybdenum and platinum. 

6. A heating unit for use in a semiconductor produc- 
ing apparatus, said heating unit comprising a 
chamber (2) of which the inner pressure varies in 
use, a heater comprising a substrate (6) made of 
a dense ceramic and a resistance heating ele- 
ment (7) buried in said substrate, a hollow sheath 
(12) of which inner pressure is not substantially 
varied when the pressure of the chamber 
changes and is joined to the heater, and a ther- 
mocouple (14) inserted into said hollow sheath. 

7. The heating unit according to Claim 6, wherein 
said hollow sheath is composed substantially of a 
material selected from a group consisting of 
molybdenum, tungsten and silicon nitride, and 
the substrate of the heater is composed mainly of 
silicon nitride. 

8. The heater according to any one of claims 1 to 5 
rich further comprises a projecting support por- 
tion provided on a surface of the substrate other 
than that surface upon which the wafer is to be 
placed for heating, and lead wires connected to 
the resistance heating element, wherein when the 
heater is placed in the vessel, the projecting sup- 
port portion forms a gas-tight seal between the 
chamber, and the lead wires are taken out from 
the chamber such that at least one of the lead 
wires is not substantially exposed to an inner 
space of the chamber. 

9. The heater according to Claim 8, wherein one end 
of a thermocouple is buried in the substrate, and 
the other end is taken out from the chamber such 
that the lead wire may not substantially be exp- 
osed to an inner space of the chamber. 

10. The heater according to Claim 8 or claim 9 whe- 
rein said projecting support portion is composed 
of a ceramic. 

1 1. The heater according to claim 8 or claim 9, whe- 
rein the projecting support portion is composed of 
a metal or a metal compound, and bonded to that 
surface of the substrate which is other than the 
surface of the heater upon which the wafer is to 
be placed. 

12. A process producing a heater comprising a 
ceramic substrate in which a heating element is 
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buried, and a ceramic projecting support portion 
provided on a surface of the substrate other than 
that surface upon which a wafer is to be placed for 
heating, and lead wires connected to the resist- 
ance heating element, wherein when the heater 5 
is placed in the chamber, the projecting support 
portion forms a gas-tight seal between the cham- 
ber, and the lead wires are taken out from the 
chamber such that the lead wire may not substan- 
tially be exposed to an inner space of the cham- 10 
ber, wherein the substrate and the projecting 
support portion are integrally formed by firing an 
integrally shaped body by hot isostatic pressing. 

13. A process producing a heater comprising a is 
ceramic substrate in which a heating element is 
buried, and a ceramic projecting support portion 
provided on a surface of the substrate other than 

that surface upon which a wafer is to be placed for 
heating, and lead wires connected to the resist- 20 
ance heating element, wherein when the heater 
is placed in the chamber, the projecting support 
portion forms a gas-tight seal between the cham- 
ber, and the lead wires are taken out from the 
chamber such that the lead wires may not sub- 25 
stantiaJly be exposed to an inner space inside the 
chamber, said process comprising the steps of 
separately shaping a shaped bodies for the sub- 
strate and the projecting support portion, forming 
a bonded body by bonding these shaped bodies, 30 
and forming the substrate and the projecting sup- 
port portion by sintering the bonded body. 

14. A process producing a heater comprising a 
ceramic substrate in which a heating element is 35 
buried, and a ceramic projecting support portion 
provided on a surface of the substrate other than 

that surface upon which a wafer is to be placed for 
heating, and lead wires connected to the resist- 
ance heating element, wherein when the heater 40 
is placed in the chamber, the projecting support 
portion forms a gas-tight seal between the cham- 
ber, and the lead wires are taken out from the 
chamber such that the lead wires may not sub- 
stantially be exposed to an inner space inside the 45 
chamber, said process comprising the steps of 
separately forming the substrate and the project- 
ing support portion by sintering, and integrally 
bonding the substrate and the projecting support 
portion by glass or diffusion bonding. 50 
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